The evolution and the origin of known systemic ecological-economic interactions, which is especially important in the modern conditions of "technocratic" mode of production characteristic of the coal industry of Kuzbass, are examined in the article. The purpose of the research is to establish the transformation laws of ecological-economic system of the coalmining region and to identify the factors affecting the efficiency of its management and the improvement of socio-economic and environmental indicators. The process of formation of ecologicaleconomic systems differentiated by economic, climatic, spatial and other criteria with definition of obligatory, systematically important elements, is studied. A study of modified ecologicaleconomic systems under the influence of the specific environment requirements, including those socio-economic, ecological, anthropological ecosystems and species directly related to the development of the infrastructure industries, which include coal mining, is carried out. The main result of the study is to develop proposals to improve the functioning of the regional ecologicaleconomic system of the coal-mining region. The practical significance of the research is modeling the effective ecologicaleconomic system of the coal-mining region adapted to the external economic and environmental challenges. Keywordscoal industry, ecological-economic systems, indicators of negative impact on the environment, environmental safety, modification of environmental systems.
I. INTRODUCTION
The Kemerovo region as a coal-mining region has a high share of mining in gross regional product [1] (Fig. 1) . Fig. 1 . The share of mineral production in the gross regional product of the Kemerovo region, % Figure 1 shows that the share of mining in the gross regional product of the Kemerovo region has changed from 34.63% in 2011 to 21.54% in 2014, the coal industry being still the most systematically important element of the regional economy.
An adequate understanding of the need to study the ecological-economic system of the coal-mining region is also connected with the main environmental indicators of the negative impact on the environment (Table 1 ). Table 1 shows that the Kuzbass coal industry is developing dynamically, increasing the volume of coal production. A significant level of impact on the environment should be noted, in particular, the specific impact indicators remain high, and for example, in 2013 the specific wastewater discharge amounted to 1.101 m 3 /t, and the specific production and consumption waste -13.155 t/m. A similar trend continued in 2014.
Due to the fact that the coal industry is infrastructural and defines the sustainable development of the Kemerovo region, it is appropriate to consider the region as a single ecologicaleconomic system [4, 5, 6] .
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Scientific novelty of the results of the work is represented by the clarification and the development of the theoretical and methodological foundations of the study of the process of transformation of ecological-economic systems of the coalmining region enhancing the understanding of the content and management specifics of the resource extraction areas, taking into account their environmental capacity.
The developed proposals may be used to model the effective ecological-economic system of the coal-mining region adapted to the external challenges.
II. SUBJECT OF RESEARCH
The object of study is the transformation processes of ecological-economic interactions between the industrial plants and the environment. The subject of research is the ecologicaleconomic system of Kemerovo region as a coal-mining region. The study is based on an analysis of the approaches of different authors to the definition of the environmental system, ecological-economic system and their modifications due to the development of the region with intensive coal mining. The elements of system analysis and the results obtained by the specialists in the field of environmental management systems in the coal-mining regions are used in the work.
III. RESULTS AND DISCUSSIONS
To understand the process of formation of modern ecological-economic systems of the coal-mining regions it is advisable to consider the emergence of an ecosystem as the initial stage of their formation and development. Gridasov A.Y. notes [7] that the definition of the term "ecological system" was first given by the English ecologist Arthur Tansley in 1935 as "a stable unity of aggregates of different types of organisms and their environment, based on the related nutrition and reproduction."
The current definition given by N.F. Reimers: an ecological system is the information developing, thermodynamically open set of biotic, environmental components and abiotic sources of matter and energy, the unique and functional link of which in the limits of the time and space typical for a certain area of the biosphere (including the biosphere as a whole) ensures in this area an excess of the internal regular motion of the matter, the energy and the information over the outside exchange (including between the similar aggregates) and thereupon the indefinitely prolonged self-regulation and the development of the entire under the directing influence of biotic and biogenic components [8] .
It should be noted that the important property of the natural system is hierarchy. The biosphere which includes the regional ecosystems dividing into local ecosystems is marked out in the ecosystem hierarchy. The highest hierarchical level in the geosystem hierarchy is represented by the geographical shell divided into continental and oceanic geosystems, time zones, physical and geographical countries, regions, provinces, landscapes. The existence of each hierarchical level is determined by the influence of specific factors, for example, the natural selection plays a leading role in biological systems at the population level, interaction with the environment -at biogeocenotic level. Such factors as the steepness and the exposure of the slopes that have a special significance for the operation of coal mines, the height above sea level, the composition of the parent rocks, etc. [9, 10] are to be in the foreground in the local ecosystems.
Some authors [11] stress that ecosystem research suggests a differentiation of the rate of the environment change, taking into account the geographical location and level of economic development of the territory. On this basis, we can distinguish areas with different degrees of tense of the environmental situation, which depends on the level of the negative impact on the environment and other parameters. For example, [12] areas in which environmental problems have no place dominate in localities of the 1st, 2nd and 3rd grades. The areas with moderately acute environmental situations dominate in localities of the 4th and 5th grades, although the proportion of areas with acute environmental situations significantly increases for the areas of the 5th grade. The localities in the 6th rank are characterized by equal ratio of areas with severely and moderately acute environmental situations. The areas with acute ecological situations dominate in localities of the 7th rank [13] . The Kemerovo region has a high rate of industry development including coal mining, hence, according to many parameters can be attributed to the zone of ecological emergency that actualizes the study of ecological-economic interactions at the regional level.
Considering the process of "inception" of ecologicaleconomic systems, academician M.Y. Lemeshev in 1976 defined the ecological-economic system as "the integration of the economy and the nature represented by the interrelated and interdependent functioning of social production and the flow of natural processes in nature and biosphere in particular." The functions and structure of such a system are defined by the basic set of its constituent elements: nature, people, society and production, assuming a global level.
Thereby any local ecological-economic system inevitably produces conflict with the natural environment, as each company pursues its goal, not taking into account the environmental criteria and the interests of the system as a whole. The coherent evolution of the ecological-economic system, according to Lipenkov A.D., is possible only if there is the regional level control system managing this evolution carried out as a result of the joint solution of a large number of target control tasks, including [14] :
• The optimization of the technological process, which is usually reduced to solving one of the problems of optimum control.
• Change-over to the new technology. Ii is implemented as a result of selecting one of the alternatives aimed at the improvement of the production process in a particular company.
• The development of investment projects to finance the specific activities.
• The distribution of limited region's budget resources, including the municipality, which includes the industrial center, between competing environmental projects in accordance with their economic and environmental performance [14, 15, 16, 17] .
Ugolnitsky G.A. suggests applying the concept of the hierarchically controlled dynamic systems to the analysis of ecological-economic systems [18, 19] . In accordance with this concept, the natural (environmental) subsystem is treated as the controlled dynamic system, the "Led"the direct source of human impact on the environment, and the "Leading" that controls this impact in order to comply with certain environmental requirements, being marked out in the economic (socioeconomic) subsystem. Such a system can be called a hierarchically controlled environmental system. Nikonova Y.I.
[20] notes that the development of ecological-economic system of the constituent territory of the Federation with the developed coal industry must comply with the following basic requirements: mobility of communications while maintaining the target function and the formation of system complexes within the limitations specified. The development of the system involves the selection of progressive rational directions of realization of the target function of the ecological-economic system using a valuation system allowing simulating of the trends of correlations and changes of the variables close to real ones. Three groups of elements can be marked out as the main components of the ecological complex of ecological-economic systems: anthropological, conservational, the environmental capacity of the natural environment. The anthropological elements of the environmental complex of the ecological-economic system are those acting at the time of production evaluation and negatively affecting the environment. The conservational group of elements includes all kinds of economic activities aimed at reducing and eliminating the negative impact on the environment, conservation, improvement and rational use of natural-resource potential, as well as all the construction of recreation zones. The environmental capacity includes the comprehensive assessment of the area: social, natural, resource and raw materials, economic, organizational, technological and environmental components.
In the 70s of the last century, researchers began to use the concept of "ecological-economic system of the region", thereby realizing the ecological-economic approach in determining the prospects for the economic development of the region. In the 90s of the 20-th century an integrated approach to the concept of "region" was reflected in the scientific literature and a new term "socio-ecologicaleconomic system of the region" was introduced. It is a harmonious combination of subsystems and elements of the region's economy, focused on the local area where an effective solution to the socio-economic problems is provided and a favorable environment life of the population is created on the basis of their development and operation management. The role of the coal mining industry in the process of interaction between the environment and the economy can be determined from the system perspective, considering it as a part of regional environmental and economic system [21, 22] .
The works of scientists Akimova T.A., Vorontsova A.P., Gubaidullina T.N., Gurman V.I., Litovka O.P., Nesterov P.M., Nesterov A.P., Novoselov A.L., Ryumina E.V., Chepurnykh N.V. are dedicated to the study of regional ecologicaleconomic systems (territorial level) [23, 24, 25] .
Further evolutionary transformation of ecologicaleconomic systems is associated with the definition of the concept of "the socio-ecological-economic system", in which many authors identify three components: nature, economy and society, which can be represented by the corresponding matrix.
Some experts examine ecological-economic systems of coal-mining regions from the perspective of sustainable development theory, identifying the importance of the social component, which depends on the state of health of the economically active population. In particular, the team of authors of the Siberian Branch of the Russian Academy of Sciences formulates the concept of medical-ecologicaleconomic system [26] , an important part in assessing the condition and prediction of which is assigned to the development and analysis of mathematical models describing the dynamics and the interaction of these blocks. This is particularly important due to the fact that the main goals and objectives of the region's policy should be to stabilize production and economic growth, including the following subgoals:
• economic structure transformation and the population welfare increase;
• living conditions improvement and the rational use of natural resources;
• public health conservation and improvement. As noted above, the regions with the overdeveloped industry require specific studies of ecological-economic systems that take into account the role of industrial infrastructure. Therefore, the ecological-economic system of coal-mining region should be considered as an open system and the limits between the system and the external environment should be established. Another important aspect of the effective functioning of ecological-economic system is the information support of the management process (Fig. 2) [27, 28, 29, 30].
A number of studies emphasize the value of the technological component in the ecosystem, which is typical for such a capital-intensive industry like coal mining. For example, E.P. Volynkina defines the concept of technoecosystem [31] , which can be defined as a spatially defined set of industrial components which are production sites, shops, businesses, etc. and living organisms, united by a common medium of existence. The techno-ecosystem is any location, since the human industrial activity is carried out in its territory. The manufacturing processes, which are the source of waste generation, as well as their neutralization processes are carried out within the techno-ecosystem. Such a modification of environmental and ecological-economic system is of particular importance for the coal mining industry, generating the large amounts of waste (stripping, host rocks, etc.). In the techno-ecosystems as natural ecosystems, material and energy flows are transported between the components and to the environment and there is a system of information links between them.
Fig. 2/-Scheme of the information support of ecologicaleconomic system management process in the coal mining region
The difference of the techno-ecosystem modeled from the natural ecosystems is the lack of information flows between its components and the environment, regulating material and energy exchange between them to ensure the closure of the cycle of natural resources and the preservation of stable dynamic equilibrium of the biosphere. The low level of information in techno-ecosystems leads to low level of their organization and, accordingly, the high level of the transported material and energy flows. The basic principles of mining region techno-ecosystems can be summarized as follows:  the management of material and energy flows between the techno-ecosystem components and the environment should be organized in such a way that the amount of transported materials and energy, and, consequently, the amount of waste generated, should decline, approaching the minimum necessary for each process;  a minimum amount of waste generated as the result of the manufacturing process is recycled within its technoecosystem ensuring its maximum isolation, or failing that, in neighboring techno-ecosystems, including their material and energy cycle in the biosphere;  the waste disposed from the techno-ecosystem must be translated into the form that is usual for these ecosystems before its displacement into the natural ecosystems;  the techno-ecosystem waste disposal in natural ecosystems must be organized in such a way so as not to disturb the existing dynamic equilibrium of ecosystems [32, 33, 34, 35, 36] . Implementation of these principles will ensure not only the stability of the biosphere, but also will contribute to the sustainable development of the techno-ecosystems themselves, ensuring the minimization of material, energy, and hence the financial resources. The international practice of waste management hierarchy used within the framework of this approach can be considered as a model of the technoecosystem organization by analogy with the natural ecosystems. The scheme of the formation and evolution of the ecological-economic system of the coal region was developed on the basis of the study (Fig. 3) . Fig. 3 . Scheme of the formation and evolution of ecological-economic system of the coal mining region Figure 3 shows that the development of the environmental and ecological-economic system of the coal mining region is affected by a number of factors that shape the modifications of these systems, adapted to the peculiarities of territorial entities.
IV. CONCLUSION
A study of the genesis and evolution of the well-known ecological-economic interactions especially important for the coal-mining region in present-day conditions of the "technocratic" mode of production was carried out in the work, including:  the level of the impact of the coal mining industry on the formation of the main ecological-economic system indicators was investigated, including the percentage in the gross regional product and in the total value of the negative impact on the environment, including per 1 ton of coal mined;  the process of formation and development of contemporary environmental and ecological-economic systems, differentiated by economic, climatic, spatial and other criteria was studied, the most important infrastructure elements were identified;  the study of the modified ecological-economic systems under the influence of the specific effects of the environment (socio-ecological-economic systems, medical-ecologicaleconomic systems, techno-ecosystems, water industry and other species) directly related to the development of infrastructure sectors of the economy and industry in the region has been conducted;  the algorithm for the information support of ecologicaleconomic system of the region's coal mining management process was refined;
 the scheme of formation and evolution of ecologicaleconomic systems of coal-mining region was developed;  the main characteristics of ecological-economic system of the coal mining region, deformed under the influence of high environmental loads, in order to develop an effective management strategy aimed at achieving the optimal environmental and economic parameters were identified.
